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1 INTRODUCTION
This document reports on the outcome of the activities within Task 1.5 Analyse the value
chain impacts: In order to measure the potential impacts of this architecture on all
stakeholders we will assess the possibilities and take a view of which to measure
accurately and how these impacts can be defined and quantified. The potential impacts
of the specified project solution on the lighting value chain and the office-building sector
will be considered and documented. The potential impacts of the specified solution on
the wider European industry and innovation will also be considered.
Chapter 1, the introduction, presents the Work Package (WP) interactions, plan, goals
and scope of the task and a glossary. Chapter 2 provides background information about
the starting point for the task. Chapter 3 describes the European value chain that was
analysed, followed by an analysis of the potential impact of the OpenAIS project on this
chain. In chapter 4 we widen our scope and envision future perspectives for the OpenAIS
project outcome. Chapter 5 concludes this document.

1.1 Work package interactions
To contribute to the solution specification development from the end- user perspective
by development of scenarios and use cases for intelligent lighting systems in the future
office environment. D1.5 aims at injecting forward thinking for exploration and design of
new applications/services and corresponding new interaction styles to support these
applications. Deliverable D1.5 uses output from WP1 deliverable D1.1 and D1.3 as input
for the analysis. The main goal for Task 1.5 is to set the stage for Task 5.5, which will
focus on validating the expected impacts that are document in this report in WP5.

1.2 Task resource plan
The plan for this task, illustrated by Figure 1-1, was presented to the consortium at the
technical workshop in April.

Figure 1-1 Task 1.5 activities timeline

In terms of timeline, the main phases of Task 1.5 are:
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•
•
•
•

Analysing the current European lighting value chain
Gathering information from Task 1.1 as input for value chain impact analysis
Envisioning the future work environment and identify the role of OpenAIS in the
future
Reporting on key findings and provide WP5 with input for impact validation

Throughout the process, input has been gathered from different sources:
• Expected impact from the OpenAIS project proposal
• Raw interview results, the selected scenarios and use cases from deliverable
D1.1 Scenarios and Use Cases
• Preliminary results from deliverable D1.2 User Requirements Report
• Discussions from the ideation workshop and results from Task 1.3 Validate
Project Vision Statement and Objectives
• Technical requirements for the lighting architecture from WP2, mainly deliverable
D2.2 Implementation & verification guidelines for the architecture
• Desk research by the authors of this document
• Discussions and breakout sessions during the consortium workshops in January,
April and September 2015
• Various ideation sessions with Building management and BMS administration of
the Eindhoven University of Technology.

1.3 Motivation, goals and scope
Due to the consortium members NXP, Johnson Controls, ARM, Zumtobel, Tridonic,
Imtech and Philips Lighting, Europe has a strong position in the global lighting value
chain. The overarching aim of the OpenAIS project being to integrate and create new
value from Internet of Things technology in future indoor lighting systems, and a
recognised chief area of value creation by Internet of Things technology being the
reconfiguration of business relationships in innovative new ways, the OpenAIS project
is expected to have a significant impact on the lighting value chain. It is important to get
a better understanding of the potential impacts that the project can have on the value
chain, involved stakeholders and future society as whole.
The goal for this document is three-fold: First, to get a better understanding of the
impacts that OpenAIS will have on the value chain, we first have to understand this value
chain. Therefore, the first research question that is investigated is: How can we define
the current European Lighting Value chain?
Secondly, we have to keep in mind that OpenAIS is currently in the development stage,
and will therefore have an impact on the value chain until it is introduced to the market.
So the second research question is: How will the European Lighting Value Chain look
around 2020 and what role will the OpenAIS project outcome play in this new value
chain?
Thirdly, if we assume that the OpenAIS architecture will be introduced in the market
around 2020, it is important to look beyond this timeframe, as the lighting system will be
used for a longer time after the installation. This is how we come to our third research
question: What possible future impact will the OpenAIS project solution have on our
society?
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This document presents a broad selection of possible impacts written down with a
qualitative approach. We cannot claim that this document provides all potential impacts,
but then again this is not the goal. With deliverable D1.5 we hope to provide a qualitative
report on potential impacts of the project, both with a narrow and a broad scope. This
way Task 1.5 aims at injecting forward thinking for exploration and design of the
OpenAIS lighting architecture.

1.4 Approach
Before we can start with investigating the research questions, we need to understand
what a value chain impact analysis means. The first aspect is the definition of value. In
this report we define it as “Important and lasting beliefs or ideals shared by the members
of a culture about what is good or bad and desirable or undesirable.” [4] This definition
implies that value is culture dependent. Our society and culture is constantly developing,
and new paradigms in value creation emerge. Figure 1-2 shows four economic
paradigms identified by Philips Design [3]. It provides insight in the changing societal
contexts and the appropriate value in each of the periods.

Figure 1-2 Paradigms in Value Creation1

1

Paradigms in Value Creation, Reon Brand and Simona Rocchi. 2011. Rethinking value
in a changing landscape and business transformation. Design, 30.
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A traditional value chain is often illustrated as a linear model, based on the industrial
economy paradigm. Stakeholders add value to a product that is designed, developed,
marketed and eventually sold by the customer. Businesses operating in the industrial
paradigm face ever-increasing pressure on margins due to commoditization, and often
have limited prospects for sustained top-line growth.
But as value changes with each paradigm, the value chains change with it. At this
moment, and most certainly around 2020, the knowledge economy is unfolding. And
with this, the value chains from the industrial economy are transforming into value
networks of the knowledge economy, as illustrated in Figure 1-3. The knowledge
economy is about building platforms that achieve scale through stimulating peer-to-peer
collaboration and enable people to develop their potential, fulfil their aspirations and
become their own authentic brands.

Figure 1-3 Visualisations of the industrial-, experience-, and knowledge paradigm2

The OpenAIS project can play a big part in the change of economy, by changing the
traditional “not-smart”, individual lights to connected intelligent lighting systems. This
transformation involves many more stakeholders than in the traditional lighting value
chain, think for example about third party application developers that can provide users
with control over all luminaires in their environment.
We have approached Task 1.5 with this approach in mind. Therefore, this document
reports on an analysis of the lighting value network, rather than the value chain.

2

Visualisations of the industrial-, experience-, and knowledge paradigm, Reon Brand
and Simona Rocchi. 2011. Rethinking value in a changing landscape and business
transformation. Design, 30.
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1.5 Glossary
A glossary of acronyms is defined in Table 1. Terminology related to network
connectivity is defined in a separate OpenAIS working document for use within the
OpenAIS project and in any deliverables. In addition, terms are defined and explained
in the individual technology sections where these are used.
Abbreviation

Description

BIM

Building information model

BMS

Building management system
3

BREEAM

Building Research Establishment Environmental Assessment Methodology

CAPEX

Capital expenditure

FF&E

Furniture, Fixtures & Equipment

FM

Facility management

HVAC

Heating, ventilation, and air conditioning

IoL

Internet of Lighting

IoT

Internet of Things

IP

Internet Protocol

IT

Information Technology

LED

Light-emitting diode

LEED4

Leadership in Energy & Environmental Design

M&E

Mechanical and Electrical contractors

MTBF

Mean time between failures

OpenAIS

Open Architectures for Intelligent Solid-state lighting systems

OPEX

Operational expenditure

PoE

Power over Ethernet

ROI

Return on investment

SOTA

State of the art

Wi-Fi

Wireless Fidelity / the Wi-Fi standard based on IEEE 802.11
Table 1: Glossary

3
4

BREEAM®: the worlds leading design and assessment, http://www.breeam.org/
LEED® | U.S. Green Building®, http://leed.usgbc.org/leed.html
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2 STARTING POINT
The starting point for this task was the OpenAIS project proposal. In this document, the
OpenAIS consortium has already identified a first value chain and potential impacts of
the project solution. This chapter contains the information directly from the project
proposal, supplemented with preliminary results from D1.1 Scenarios and Use Cases.

2.1 OpenAIS value chain
“A particular requirement for every lighting control system is that it can be applied in a
large variety of buildings and that designing the system for a particular building does not
require a significant effort or system-specific expertise. On the basis of a generic system
architecture, customer-specific lighting systems will be built from lighting-specific
components (e.g. light fixtures and LED drivers), components generally used in IT (see
above) and software.
The OpenAIS value chain is shown in Figure 2-1. In the project, the problems, needs
and trends for different stakeholders in the value chain will be studied and prioritised. In
this value chain, the distinction between the generic part and the customer-specific part
is very important. The generic part will be developed in OpenAIS and will be brought to
mass production by the industry. The customer-specific part must be performed for each
building, of which there are many. The system will only be successful in the market if
lighting designers understand how to exploit its full potential and are able to easily make
building-specific lighting designs. In the coming decade most new lighting installations
sold will be installed in existing buildings, so the new system architecture must be
suitable for this (e.g. new wires can often not be installed).
Because office space is expensive there is a need for more efficient use of space. The
new lighting system can be configured around changing usage of the space. The
extensible platform opens to the world of software (commonly known as apps) will mean
innovative companies can further enrich the EU lighting industry. This ability for others
to also benefit from the work of OpenAIS will accelerate and underpin the architecture’s
acceptance and longevity. Installation and configuration must be possible with little effort
and without dedicated training.”

Figure 2-1 OpenAIS value chain as presented in the OpenAIS project proposal

© OpenAIS Consortium - Public

D1.5 Value Chain Impact Analysis Report, v1.0
OpenAIS
H2020-ICT-2014-1-644332

Page 11 of 60

2.2 Stakeholder types
Deliverable D1.1 took initiative in identifying stakeholders that are currently involved in
the lighting value chain complimented with stakeholders that will potentially will be
involved in the future OpenAIS value chain. Figure 2-2 shows these identified
stakeholders in four stakeholder types. These stakeholders have been used as input for
the value chain impact analysis that is described in Chapter 3 Impact analysis.

Figure 2-2 Four stakeholder types identified by Task 1.1
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2.3 Expected impact
Three potential types of impact for the OpenAIS project have already been described in
the initial project proposal:
Continuation of industrial leadership of the European industry
Until now, European companies supply most of the luminaires for European buildings.
In the coming years there will be a transition to Internet connected luminaires in the
market. Furthermore the number of light points that are controllable is expected to grow
significantly due to the higher granularity that can be achieved. The OpenAIS project will
enable European lighting companies to continue their leading position in the European
market. For European IT companies, the transition to IoT connected luminaires offers
an opportunity to setup an IT infrastructure and create new applications for the 182
million light points for offices that will be sold globally per year in the year 2020. This
new market will create employment in Europe. In addition, the presence of connected
light points in buildings will allow other devices to be connected to either the lighting
system or the Internet, offering a wide variety of new added value applications. This
project targets an open architecture and it is expected that many (new) companies will
grab the opportunity to develop and sell new devices and applications. As European
companies know their customers in Europa best, they can best take advantage of this
opportunity.
Benefits for the users through wide market introduction of intelligent lighting
Towards 2020 connected light points will be present in buildings everywhere. Once the
OpenAIS system has been introduced it will allow for more efficient utilization of the
building and it will lead to lower operational cost, increased utility and increased safety.
For example, IoT technology allows daily users to directly access the lighting for
advanced lighting and comfort. Third parties can develop advanced applications for the
OpenAIS system to control the lights and get access to other functions like heating,
cooling and ventilation. Lighting being ubiquitous, it can potentially provide connectivity
infrastructure for a variety of other smart devices, enabling additional smart-building
applications that could not exist otherwise.
Increased sustainability
OpenAIS will reduce carbon footprint and CO2 emissions of European buildings.
Intelligent luminaires according to the new open system architecture will use 30% less
energy because of context of use awareness. Studies show even higher improvement
benefits (more than 50%) due to the highly granular lighting controls. It is beyond any
doubt that lighting controls reduce energy consumption. The OpenAIS system
architecture will deploy proven methods for installation and commissioning from the IT
industry. This allows fast adoption of technology and hence facilitates massive
penetration of lighting controls. Moreover it helps smart grid technology to access a
substantial user of energy.

2.4 Input to standardisation bodies
The OpenAIS project will contribute to standardisation bodies that are benefitting from
generic architecture principles for building cross-domain infrastructures. Lessons
learned from the actual pilots will be used as input. Table 2-1 illustrates the technology
standards to which OpenAIS is expected to contribute.
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In addition to standards defining the interfaces, OpenAIS will address regulations with
respect to privacy and security. With the wide range of possibilities with Internet
connected lighting, there will be a need for regulations regarding privacy and security.
OpenAIS will identify the topics to be regulated and generate a proposal for regulation,
specific for Europe. Because laws and personal preferences are different per region, it
is very important to address this topic specifically for Europe.
Standard

Description

Relation with OpenAIS

EN15193

Energy saving and lighting quality.
Energy performance of buildings,
energy requirements for lighting

Define new energy measurement methods
for IoT connected lighting

EN12464-1

Light and lighting, lighting of work
places, part 1: indoor work places

Use IoT connectivity to personalise lighting
needs

ETSI

Globally applicable standards for
information and communications
technologies

Connect with M2M activity within ETSI.
Recommendations
to
optimise
M2M
standards for IoT lighting

CEN

European
standardisation
for
lighting
functionality.
Philips
Lighting is represented in CEN

Standardisation proposal for IoT connected
lighting and other building functionalities,
emphasis on performance aspects.
Identify potential issues with the existing
standards and propose modifications

CENELEC

European standards for electrical
devices and installations (HBES).
Philips Lighting is represented in
CENELEC

Standardisation proposal for IoT connected
lighting and other building functionalities,
Identify potential issues with the existing
standards and propose modifications

IP-WP

BACnet/IP (ISO 16484-5)

Extending BACnet/IP capabilities to deal with
developments in the IP world, including NAT
firewalls and IPv6.

IT-WP

An important theme for this group
is IT-BAS convergence.

Examining
the
future communication
requirements of building automation systems
and considering how they affect BACnet.
Propose additions to the BACnet standard to
support the requirements of lighting control
applications.

IETF; 6LoW PAN;
IPv6RPL; DHCP;
DNSSD; CoAP;
HTTP; DTLS/TLS

The Internet Engineering Task
Force (IETF) is the source of the
Internet standards.

OpenAIS will follow new Internet standards
and adaptations to existing standards and
influence these standards where necessary
to meet the lighting requirements.

ZigBee Alliance

ZigBee IP

Protocol stack for running IPv6-based IoT
applications over the IEEE 802.15.4 radio.

IPSO Alliance

IPSO
Application
Objects

LA-WG

Framework

Develops application layer frameworks and
data models for the IoT sector.
Plays an advocacy role on IoT.

Table 2-1 Input to standardisation bodies
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3 IMPACT ANALYSIS
As mentioned in the approach in Chapter 1.4, the traditional value chains no longer
suffice in the unfolding knowledge economy. Knowledge, information, competences, and
relationships are becoming more important, which is why value networks are becoming
the dominant model [13]. The OpenAIS value chain, as presented in Chapter 2.1, is
therefore too general for the impact analysis. In this chapter we analyse the current
European value chain and propose to transform this into a value network by using the
Value Framework model as presented by Den Ouden [14]. In the remainder of the
chapter we apply this value framework to analyse the (potential) impact of the OpenAIS
project on stakeholders. First, in the next section, we describe the method used for the
analysis.

3.1 Method
3.1.1 Levels of value
To be able to understand a value network, one needs to understand the motivations and
added value of different stakeholders. The Value Framework, introduced by Den Ouden
[14,16] introduces value concepts for four different layers (i.e. value for the user, the
organization, the ecosystem, and value for society, as displayed in Figure 3-1) and from
the perspectives of four social sciences – economics, psychology, sociology and
ecology. Economic value (Value for money, Profit, Stability, and Wealth for the
respective layers) is an enabler for psychological, sociological and ecological value. The
framework can be used as a tool to support the process of creating shared value for
multiple stakeholders [8].

Figure 3-1 Four levels of value5

The lighting systems of today and the future can bring value to all of these levels.
Stakeholders are involved in all levels. In this analysis we position the network of
stakeholders and map them to value creation.

5

Four levels of value. Elke den Ouden. 2012. Innovation Design. Springer London,
London. http://doi.org/10.1007/978-1-4471-2268-5
© OpenAIS Consortium - Public

D1.5 Value Chain Impact Analysis Report, v1.0
OpenAIS
H2020-ICT-2014-1-644332

Page 15 of 60

3.1.2 Lighting value network as part of a building delivery project
In the European lighting industry value network there are more actors involved than in
the European lighting development chain presented in Chapter 2.1 that is considered
the OpenAIS value chain. To be able to capture all these actors in one model, one must
look beyond the development and production of a lighting system. Therefore, for this
analysis we regard the Lighting value network as part of a building delivery project [8].
We chose the design-bid-build method [17] as a starting point, since most of the builds
that OpenAIS will be involved in are bigger, public builds in Europe. It is considered
universal good practice to write a tender to which every contractor can make an offer.
The design-bid-build method exists out of three phases, as displayed in Figure 3-2.
3.1.2.1 Design-bid-build
In the first phase, the design phase, the design for the build is made and the necessary
bid documents are produced. The bid (or tender) phase is the phase where general
contractors can bid on the project. The build phase starts when the construction is
awarded to a contractor. The necessary permits are achieved and the construction
starts. This model ends with the handover to the client.

Figure 3-2 Involvement of the architect in the design-, bid- and build phases6

3.1.2.2 Use phase
The design-bid-build model clearly illustrates the process of a build. But similar to the
traditional value chain, this linear process of designing and handing over a build is no
longer complete in the networked knowledge economy. Innovation no longer only
happens during the production of a system, but evolves over time while the system is
used and innovated upon. Therefore, we propose to add a use phase to this model. This
fourth phase starts when the build project is handed over to the client and is being used
by building occupants. This is where we expect a significant impact with the coming of
an intelligent lighting system.
Figure 3-3 shows how the four phases are integrated in the value framework. The gap
between the design and the use phase is placed to illustrate how a building, after the
use phase, can re-enter the design phase in the form of a renovation when a building
owner or occupier has new wishes for the building. A renovation project then follows the
same phases as a build project. Renovation is included in the discussion of the use
phase.

6

Involvement of the architect in the design-, bid- and build phases. Retrieved September
14, 2015 from http://upload.wikimedia.org/wikipedia/commons/thumb/e/e7/ Dbbtimeline.jpg/500px-Dbbtimeline.jpg
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Figure 3-3 The four phases of the build model with four layers of value

3.1.3 Actors in the value network
Before we elaborate on the four phases separately, we discuss the types of actors, as
defined by the value framework, that generally are involved in the Lighting value chain.
For the analysis, we identify and position different actors in the value network. Actors
are specified as roles of an involved stakeholder, not as specific companies that carry
out a specific function. This means that an individual, a company, or any other
stakeholder can fulfil one or more roles. The roles that are used are presented in Table
3-1, and indicated with an appropriate icon.
Icon

Role

Description

Customer

Users, buyers: the target of a value proposition who receive the
value but also may contribute by delivering information

Provider of goods

Business actor providing physical goods directly to a customer.

Provider of service

Business actor providing service in the value proposition. This
ranges from billing to logistics and customer care.

Provider of content

Business actor creating content and providing it directly to
customers.

Provider of systems

Business actor integrating different goods and services into a
complete system and providing those directly to the customers.

Supplier

Delivering components (hardware or service) to providers of
goods or systems that will be integrated and delivered to the
customers.

Financer

Investor; enables development and implementation with financial
support.

Regulator

Influence stakeholders through regulations.
Table 3-1 Definition of roles in the value network
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A stakeholder can change roles in different phases, for example the role of a building
owner will change from being in the user level during the design phase, to the ecosystem
level in the use phase. Figure 3-4 illustrates how the four stakeholder types, as
presented in Chapter 2.2, are mapped on the four phases of the build model.

Figure 3-4 Involvement of stakeholder categories in the four phases

In the value network we display value that actors add in three ways. First, an actor can
bring or receive value in the form of goods and/or services. Value can have subjective
and intangible characteristics such an experience or empowerment. Secondly, an actor
can provide information to another actor. And finally value can be provided through
money and/or credits.
It should be noted that this framework is used as ideation tool to understand the lighting
value chain, rather than as a tool to define it. This means that the position of the actor in
one of the four phases is not a fixed place. For example, a building owner can be
regarded a customer before the handover, but moves to a higher level after.
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3.2 Lighting value network in four phases
In this section, we discuss the four phases in the build model separately, by identifying
the involved actors in that particular phase and their value.

3.2.1 Design phase
The first phase in every building and renovation project is the design phase. A client
(building owner) retains a design team to (re)-design a building based on their needs.
The actors in the design team differ per project, but in general the design team
comprises a main architect and several consultant engineers, or specifiers. The design
phase ends with tender documents including the design and specifications for the
project. Design fees are typically between 5-10% of the total project cost [17]. Figure 3-5
shows a visual overview of the involved actors and their relations over time.

Figure 3-5 Actors involved in the design phase over time

3.2.1.1 Building owner
The building owner acts as a client who wants a new building or renovation. It is common
that this role is fulfilled by a real-estate company, with a group of (future) tenants and
occupants that air their wishes for the build. The board of a company and a building
management team generally represents the tenant. The building owner hires an
architect to make the design for the build. Over time, the architect and client have
frequent contact discuss the client’s needs and proposed designs.
The building owner has a list of wishes for the building. The wishes often go beyond
basic performance and use criteria, for example to increase status or social motivations.
This is highly dependent on the type of building and the sector an owner or tenant
operates in.
3.2.1.2 Architect
The building architect is the stakeholder responsible for the final design of the build. His
main task is to understand the wishes of the client and translate this to design plans for
the build. He communicates with advisors and engineers to make a complete design.
Eventually he is responsible for making the tender documents.
The architect brings value to the building owner as client by translating wishes to a
design. It is important for the architect to build a portfolio of designed buildings for
business continuity and thus continuity of income.
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3.2.1.3 Consultants
The architect hires a team of consultants (engineers/specifiers) for specific parts of the
design like electrical installations and lighting systems, including M&E, plumbing, fire
protection, structural, etc. These consultants act as specifier to help the architect with
completing construction drawings and technical specifications for necessary bidding
documents.
The added value of consultants is to specify parts of the design for the tender
documents. It is important for them to keep abreast of the current State of the Art from
suppliers and manufacturers.
3.2.1.4 Suppliers
Suppliers are manufacturers, developers and suppliers including luminaire / light
designers, light platform specifiers, controls manufacturers, etc. In the design phase, the
suppliers are providers of information to the architect and consultants. They inform about
current SOTA (light) solutions. Contact is frequent and occurs throughout all phases in
the model.
Suppliers already get involved in the design phase to strengthen their position in the bid
and build phase, where they are responsible for the hardware and software supply for
the construction and installation.
3.2.1.5 Regulations
The regulations are (European) regulatory bodies. They play a passive role in the
design phase. They provide rules and regulations including energy performance,
building permits, etc. The design team makes sure that the design complies with these
rules.
Regulations provide value by supervising to make sure the design represents a safe
building to work in, a building that fits in its environment and meets the current energy,
durability and environmental standards.
3.2.1.6 Financer
Financers are banks, governments, industrial conglomerates, and private or public
investment funds. Financers play an important role in (pre) financing projects. It is
important to have a good return of investment (ROI) and a reasonable payback
throughout the use period of the building. A financer tends to question all cost items that
are not usual, or not covered by the requirements in the tender documents.
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3.2.2 Bid phase
The second phase is the bid, or tender, phase, and is visualized in Figure 3-6. The tender
is open for bids. Bidding can be open, in which any contractor may participate, or select,
where a limited number of pre-selected contractors is invited to bid. The contractors
make an offer to the tender documents. The architect and client award the project to the
winning contractor.

Figure 3-6 Actors involved in the bid phase over time

The contractor group comprises a general contractor and several subcontractors. Figure
3-7 illustrates the contractor hierarchy with the most common types of subcontractors.

Figure 3-7 Traditional contractor hierarchy

3.2.2.1 General contractor
The general contractor obtains copies of the tender documents and puts them out to
sub-contractors for bids on subcomponents of the project. He eventually compiles a
complete bid for submission. After the construction is awarded (after the bid phase), the
general contractor holds the budget and becomes responsible for the build.
During this phase it is not clear yet which one of all bidding contractors will be awarded
the build. Therefore it is important for the general contractor to tender a low cost bid (just
satisfying the tender requirements), to improve the chance of being awarded. However,
this bid needs to have profitable margin. Therefore it is often best to have a minimal
number of subcontractors.
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3.2.2.2 Subcontractors
Several subcontractors bid on subcomponents of the project. Traditionally, the general
contractor is in contact with a mechanical- and an electrical contractor (M&E) who are
responsible for the remaining subcontractors. After the construction is awarded, the
subcontractors will execute the build. The relevant separate subcontractors are
therefore discussed further in the construction phase.
All subcontractors have a similar position as the general contractor. Therefore, a low bid
to improve the chance of being awarded the build is important, as well as a high margin.
3.2.2.3 Architect & client
Once bids are received, the architect typically reviews the bids and advises the client as
to the ranking of the bids. The client eventually chooses a contractor to whom to award
the build. Typically, this is the contractor with the lowest bid.
It is important for the architect to give the client an objective advice for the build.
3.2.2.4 Suppliers
The role of the manufacturers in the bidding phase is similar to their role in the design
phase. Manufacturers provide information to the subcontractors for the bidding
documents.
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3.2.3 Build phase
The build phase, or construction phase, starts once the project has been awarded to a
contractor. The bid documents are fixed and the necessary permits are achieved.
Generally the light installation and further commissioning starts after construction and
installation of power distribution and electrical equipment. After the light installation is
done, other installations like IT and Fire alarm systems take place. Then integration, or
convergence for the building management system (BMS) is realised. The phase
concludes with the handover of the building from architect and contractor to the building
owner. Figure 3-8 shows a visual overview of the light installation in the build phase.

Figure 3-8 Actors involved in the build phase over time

3.2.3.1 Architect
During the build, the architect acts as the client’s agent to review the progress of the
work as it relates to pay requests from the contractor, to issue site instructions, change
orders, or other documentation necessary to facilitate the construction process.
3.2.3.2 General contractor
The general contractor is responsible for the build and holds the budget. The general
contractor may undertake work with its own workforce, but it is common for him to limit
its role to managing the construction process and daily activity on a construction site.

© OpenAIS Consortium public

WP1 D1.5, version 1.0
OpenAIS H2020-ICT-2014-1-644332
Page 23 of 60

3.2.3.3 Subcontractors
The installation of a lighting (control) system starts with an electrician. He selects and
orders the necessary components from a supplier, normally a wholesaler. The
electrician installs all necessary cabling in the building. A luminaire designer is
responsible for the design of the light fixtures. He orders components from wholesalers
or manufacturers and delivers these to the light installer, who mounts the luminaires in
the building and connects them to the power cabling. The electrician checks this
installation. The installer uses provided tools and platforms to successfully connect
and test all luminaires in the building. Then the first commissioning phase starts. A
commissioning agent checks the light installation and matches the light design with
what is actually installed in the building. Then during the second commissioning phase,
controls personnel groups the luminaires, sensors and controls according to the design.
Ideally, these two phases of commissioning are down by the same person to minimize
costs, handover and duplicate labour. In practice this is normally not the case.
Opportunities:
Work completed in silos with limited coordination amongst contractors
Results in labour inefficiency and un-coordination with FF&E Technologies
Increased cost, change orders, and schedule challenges during commissioning
3.2.3.4 Suppliers
During the build, suppliers deliver components for the lighting system to the
subcontractors. We include manufacturers of all levels within this actor, ranging from
LED manufacturers to control/sensor manufacturers. Figure 3-9 shows how different
manufacturers supply components to produce a lights system that is installed in the
building.

Figure 3-9 Manufacturers

For the suppliers it is important to get involved in the project already during the design
and bid phase, to improve their market share. This actor benefits from continuity in sales
and a high margin to their product.
3.2.3.5 Integration specialist
The integration specialist facilitates and manages communication between software,
applications and hardware over a variety of networks. Starts with installation and
updates of drivers, programs, and applications to make sure that communication across
the system is smooth and multiple devices on the system operate within specs, while
also protecting the security of the system. Conflicts may develop, such as when two
programs cannot be run at the same time, and need to be addressed. The integration
specialist takes care of access issues and makes sure that allowed use of devices is
possible.
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3.2.3.6 Standards and regulations
At first standards and regulations inform manufacturers about protocols and standards
to be used (e.g. IEEE, IPv6, etc.). Other standards define energy regulations about the
building performance (e.g. EN15193 and EN12464-1). These also include safety
standards and HR/WGS view of comfort.
3.2.3.7 Certifications
Before the handover, the building is normally certified by a certification body like
BREEAM or LEED. This way, the building is officially assessed on sustainability and
design. This will provide the building owner with market recognition for low
environmental impact buildings, confidence that tried and tested environmental practice
is incorporated in the building, a benchmark that is higher than regulation, a system to
help reduce running costs and improve working and living environments environmental
objectives.
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3.2.4 Use phase
The final phase of a building project is the use phase. This phase starts when the build
is handed over to the client. It includes use and maintenance of the building and lighting
system. This phase can span a long period of time, including (planned) changes in use,
reconfiguration, and modernization. This phase ends with a renovation or a new build,
which brings us back to the design phase, while important usage data need to be
transferred. On some moment in time the building will be demolished (and recycled).
Figure 3-10 shows an overview of the actors in the use phase.

Figure 3-10 Actors involved in the use phase over time

3.2.4.1 User
The building user is central in this phase. This group of actors comprises people who
are inside the building daily and thus interact directly with the light (OpenAIS system) on
a daily basis. Most of these people are regular office workers (or any other type of
employees, for instance in health care). Nowadays, the building user has almost no
control over its lighting environment. Rarely he can turn on or off all the lights in a space,
but most of the time this is regulated automatically through sensors and central
controllers. Other building users can for example be the receptionist, catering and
cleaning personnel and visitors of the building.
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3.2.4.2 Organization
The tenant rents (part of) the building from the building owner, sometimes with a realestate agent as middleman. The tenant is normally a company / employer that hires
employees that make use of the building. As users, companies are interested in
branding, representation, visibility.
Facility management (FM) is horizontally oriented [18] and operates at two levels:
strategic-tactical and operational. In the former case, building owners and building users
need to be informed about potential impact of decisions on the provision of space,
services, cost and business risk. In the latter, it is the role of FM to ensure corporate and
regulatory compliance plus the proper operation of all aspects of a building to create an
optimal, safe and cost-effective environment for the tenants and building users to
function. This is accomplished by managing health and safety, fire safety, security,
maintenance, cleaning, tendering and space allocation.
Maintenance is responsible for maintaining, testing and inspecting the building and
grounds, in this case maintaining the light installation. Daily activities are general repairs
and preventive maintenance of systems and equipment. Maintenance only operates by
order of facility management.
3.2.4.3 Ecosystem
The building owner changes role from client of the build project, to owner of the building.
He finds a tenant (commonly through a real-estate agent) and rents out space in the
building. The building owner does not directly provide products or services to the users
of the building.
External providers and suppliers play a major role during the use phase. The IT provider
provides Internet bandwidth for money, many IoT/IP Providers (e.g. CISCO, HP,
Microsoft, IBM, Google, NXP, ARM, Watteco) provide components, drivers, APIs,
security updates. The energy provider provides power for money.
The supplier delivers replacement parts for the lighting system, which are used for
maintenance.
3.2.4.4 Society
National and European bodies regulate working conditions and provide policy on
competition. International Standards & protocols bodies (e.g. BACnet®, KNX®, Dali®)
provide (updates) on standards and usage.
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3.3 Potential impact of OpenAIS on the value network
During the set-up of the lighting value network in the previous section, potential impacts
for several actors in each of the four phases have been identified. These potential
impacts are discussed in this section. We describe the impact for each phase separately.
First the impact is briefly introduced with an image of the actors and value flows in the
phase, supplemented with potential points of impact indicated by the following icon:
. The number in this icon corresponds with the chapter number in which the specific
impact is discussed. If relevant, we have linked these potential impacts with OpenAIS
use cases and scenarios that are published in WP1 deliverable D1.1 Scenarios and
User Requirements.
This formatting indicates a linked Use Case from D1.1

3.3.1 Design phase
The OpenAIS project potentially impacts this phase in three ways: (1) The OpenAIS
standard will allow manufacturers (suppliers) to produce compatible components, which
increases competition. (2) The architect (and light designer) will be able to incorporate
luminaires and controls from different vendors in his light design. (3) The data gathered
by an OpenAIS lighting system can be used to inform the design of another building and
of the renovation a building. (4) OpenAIS will influence regulations on energy use and
user comfort. (5) OpenAIS provides flexibility for future specification of lighting
applications. Figure 3-11 shows an overview of the OpenAIS impact in the design phase.

Figure 3-11 Potential points of impact in the design phase

3.3.1.1 Stimulate competition to improve market acceptance
Standardisation of a lighting solution with IT impacts suppliers and manufacturers
tremendously. Various suppliers will offer light and other electronic components that are
compatible with each other, competing on price, performance and functionality. The
suppliers have a need to differentiate in the market and will therefore need to innovate
in order to survive. At first, obvious competition will help building owners be confident in
buying OpenAIS systems and will lead to faster market acceptance. Secondly, when the
investments in IP based lighting control become easier to obtain, the innovation on a
manufacturing level will grow.
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3.3.1.2 Easier light design with compatibility across manufacturers
The architect plays an important role in getting the new lighting solution to the customer.
Firstly, standardisation allows architects and light design consultants to combine
luminaires and controls from different suppliers in one system effortlessly. This makes it
easier to create a fitting solution for the customer’s wishes. This is already possible today
with DALI® and KNX®, but IP will broaden the scope and allow integration with more
than lighting in an easier way. This will only increase in the future.
Secondly, this can result in openness of the building systems in the tender. Allowing
specifiers to choose any OpenAIS compatible components that are needed for the build.
“If use of an open architecture with the features and benefits offered by OpenAIS is not
appealing enough for specifiers to point their tender writing in this direction then it will be
nigh on impossible to get traction and sales in the market.
It must be as easy as possible for the architects, consultants and specifiers at the start
of the value chain to insert OpenAIS into the specification or at least into the running list
in some form. Successful products placement usually involves creating A&E (architect
and engineer) tools and documentation to make this easy and accurate for them.”
D1.1 Chapter 8.2.1: Specify

3.3.1.3 Data as input for design
In the future, data on usage can play an important role as input for design. When a
building has an intelligent lighting system installed, its data can be used for decisionmaking during the design of another building or for a renovation. Analyses of
accumulated data over multiple buildings in different areas or sectors can enhance
design knowledge.
3.3.1.4 Regulations
Smart lighting systems will reduce energy consumption for lighting. The introduction of
these systems on the market will potentially make energy consumption regulations
stricter. The same holds for user comfort and light quality regulations. This encourages
manufacturers and building owners to reduce their energy usage.
3.3.1.5 Flexibility for future applications
The OpenAIS architecture benefits the client, architect and lighting subcontractor by
creating room for future development of applications that can be deployed to the lighting
system. This means that specific controls (e.g. automated daylight control) do not need
to be specified during this stage, since they can be acquired during the use phase. As
these applications are vendor-independent, this can potentially save costs, resulting in
a decreasing CAPEX and smaller increase in OPEX. It is important though, to specify
the required room/flexibility of the system in this phase.
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3.3.2 Bid phase
Figure 3-12 shows an overview of the OpenAIS impact in the bid phase.

Figure 3-12 Potential impact in the design phase

3.3.2.1 Impact on subcontractors
The standardisation of the lighting market will make it easier for subcontractors to specify
the install as they can combine components from various vendors. Similar to the design
phase, this is already possible, but integration with more than the light system will be
easier and more common in the future.
3.3.2.2 Contractor market position
Contractors using OpenAIS enabled systems will have an advantage to their competitors
as they can easily integrate lighting systems with other electronic systems to provide a
complete solution for the customer.
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3.3.3 Build phase
The build phase is affected significantly by the OpenAIS project. (1) The installation and
commissioning flow as it happens now will change with the coming of IoT. (2) The value
of integration of former separated systems increases, which could be a disruptive trigger
for the traditional M&E model. (3) The OpenAIS standard can improve the market
position of local vendors and suppliers. Figure 3-13 shows an overview of the OpenAIS
impact in the build phase.

Figure 3-13 Potential impact in the design phase

3.3.3.1 Integration workflow
With current lighting controls systems, e.g. DALI®, the complexity of installation and the
likelihood of mistakes during installation, often leads to unforeseen installation costs,
duplication of labour, redundant materials and hampers wide introduction of controlled
lighting systems. The vision of the OpenAIS Easy Life scenario states that installation
and commissioning should almost become plug and play, which is a plausible scenario
with the coming trend of the IoT. This will greatly impact the installation value chain.
To enable the IoT vision, a building needs an IT network as backbone. Therefore, the IT
network needs to be installed first, followed by all other systems. This allows integration
throughout the build, as opposed to integration in hindsight. This can reduce material
use (common cabling for all IT integrated systems and PoE), less duplicated labour,
fewer delays and thus lower costs.
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For commissioning agents, the coming of an IoT enabled lighting system could allow for
off-site (remote) commissioning. This can reduce man-hours, transportation costs and
delays. On the other end, this can results in commissioning agents commissioning
multiple systems at once (light, HVAC, etc.) for which they may need extra training.
“Phase 1: Installation, localization and test (electrical contractor, on site)
Phase 2: Binding (if needed ﬁnalize localization) (commissioning Engineer, IT person,
possibly off site with some low tier support on site)
Phase 3: Functional Parametrization (lighting specialist)
Phase 4: Fault ﬁnding missions (commissioning engineer, IT person, electrical
contractor)”
OpenAIS commissioing v0.2, defined by WP2

The Easy Life scenario, and auto-commissioning, can jeopardize much of the turnover
of installers, commissioners and integration specialists. But even when commissioning
is as easy as plug and play, installers need basic knowledge of IT for diagnoses if
needed. To improve acceptance of the OpenAIS system to the market of installers and
integrators, it is essential that we provide them with the right tools for their work.
“Installation of lighting has traditionally been made by electricians. If there is a control
system a second and sometimes third type of lighting or controls engineer has to be
involved. Lighting sits in the electrical side of contracting and controls sits in the
mechanical. IT network serves both and generally exposes similar problems to lighting
controls and is more difficult to understand. OpenAIS needs to de-skill as much of the
install, configure, commission process as possible. Ideally the more the electrician can
safely do the better as there is more of a shortage of specialist controls engineers and
lighting is seen as too simple for them to spend time on. IT work of course covers all
three stages and being able to hide or minimize the implication of network AND security
setup is a tough task for the engineers but could be crucial to the acceptance of
OpenAIS as a technology. The installation is now it seems multi-disciplinary and needs
careful thought. In fact as the Use Cases are being written it is not yet crystal clear
where the distinct roles and responsibilities lie between cabling, power, lights, install,
configure and commission.”
D1.1 Chapter 8.2.3: Install & D1.1 Chapter 8.2.4: Commission

3.3.3.2 Integration contractor
Nowadays, integration, or convergence, of all building systems happens after the
separate systems are installed and commissioned by separate contractors. As
integration becomes important, it seems only logical that a contractor is responsible for
integration of building systems (e.g. HVAC and fire alarm) from the beginning on: The
integration contractor. Johnson Controls calls this Technology Contracting™: “The
single point of responsibility for managing the integration touch points, procurement,
delivery, commissioning and on-going service of all performance technology systems for
the facility.” [6]. Figure 3-14 shows how the introduction of this new contractor changes
the traditional M&E model of contractors. It seems only logical to include an integration
consultant as well during the design- and bid phases of the model.
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Figure 3-14 Proposed new MIE model with introduction of integration contractor7

The integration contractor can co-exist with the mechanical- and electrical contractor
that will split of part of their responsibilities to the integration contractor. He will be
responsible for installation and integration of all low-voltage systems in the building.
BIM can be used to guide the integration process, when continually updated and used
as a reference throughout all phases from design to build and use. BIM does not deliver
that today, as data maintenance is especially poor during the bidding and contracting
process. To enable the potential that BIM has, improvements parallel to OpenAIS need
to happen.
“The theory of BIM suggests that such a database prevents every stage of the design,
build, maintain process involving all bidders making their own interpretation and
drawings and diluting the vision. Typically, devices are registered in a common template
for that type of device and product manufacturers would register the shape, size, weight
and other performance details accordingly. There is a burgeoning effort to do more with
this data. Prototype tools have shown that this BIM data can be used across the whole
building lifecycle for project management and service management. These tools could
make it very easy to track installation progress, show installation compliance and fitness
for purpose and later track health for servicing purposes.”
D1.1 Chapter 8.2.2: BIM

This integrated project delivery method [12] has big benefits for the building owner.
Putting integration of systems central in the design- and build phases saves costs,
reduces capital expenditure (CAPEX) and Operational expenditure (OPEX) and can
increase ROI.
3.3.3.3 Lower transportation costs and improved market position
The introduction of an IoL standard can stimulate competition among suppliers of light
solutions, as mentioned in the design phase. This can improve the turnover for vendors
and suppliers close to the building site, since this can drastically decrease transportation
costs of components.
Secondly, as IoL allows investments for lighting controls and usability to move from the
design- and build phase to the use phase, local (independent) vendors of digital
applications will get an improved position on the market.

7

Proposed new MIE model with introduction of integration contractor. Johnson Controls
Technology Contracting brief. Retrieved August 28, 2015 from John A. Sayer
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3.3.4 Use phase
OpenAIS brings huge benefits for the use phase of the building. (1) OpenAIS stimulates
human centric lighting, focussing on comfort and control. (2) Data from the lighting
system can inform Facility Management (FM) activities. (3) In order to make this possible
it is crucial that third party application developers enter the value network and create
applications for control, commissioning and data exploitation. (4) The data can be
valuable for stakeholders outside the building as well. (5) The OpenAIS system will
potentially increase building use and value. Figure 3-15 shows an overview of the
OpenAIS impact in the use phase.

Figure 3-15 Potential impact in the design phase

3.3.4.1 Human-centric lighting
Bringing the IoT to lighting will influence the building users tremendously. At first it allows
daily users of the building to directly access the lighting for advanced lighting and
comfort. They will be more in control of their personal work environment through apps
and personal light controls. Intelligent lighting can support activities and tasks of
individual users as well as collaboration and social interactions and thus increase
working productivity. The OpenAIS project contributes to the societal changes that are
happening around work and personal life, by providing a differentiator for office buildings
which can persuade people to work there instead of at home or somewhere else.
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“Human centric lighting requires better luminaires and of course some controls do
colour and brightness tuning across groups and some integration to other systems. If
the architecture is good then provision just becomes about software and configuration. If
a large part of the non-controlled market can be convinced to do something more
valuable the spread cost of this software makes it cheaper.”
D1.1 Chapter 8.3.1 Human-centric lighting

For the building owner the OpenAIS architecture will lower cost of ownership: if a widerange of non-lighting applications can be linked to the lighting platform, the number of
operation platforms in buildings can be reduced. Next to this, it can lower the cost of
ownership, as the investment into more sophisticated controls can be made in the use
phase and will be made by the users rather than by the owners (moved from CAPEX to
OPEX)
3.3.4.2 Building management with data
Once the OpenAIS system has been introduced it will allow for more efficient utilization
of the building and it will lead to lower operational cost and increased safety.
The data gathered by the building systems plays a key role in this. To allow the FM to
fully exploit this data it is crucial that OpenAIS enabled components share data, the
OpenAIS systems collects this data and that all data is combined through integration
with the BMS. This will allow FM to compare buildings according to their performance,
and optimize when needed.
“The building management system is also under the auspices of the facility or building
manager and increasingly that sophistication of sensing and control is crossing over
with or working in an integrated way with the lighting controls. The aims of both systems
of course are safety and comfort and to provide a great space to be productive in,
whatever the task. In today’s market it is quite a painful exercise to link together the
BMS with room automation features like blinds and window positions sensors and to
merge this with the lighting. It often involves BACnet®, KNX®, DALI® and Enocean
system platforms linked to each other. This topic also covers the notion that sensors
such as motion, LUX, temperature could be shared by these systems rather than
installing two lots of the same things.”
D1.1. Chapter 8.4.3 BMS

Data from an OpenAIS system can have a huge benefit for maintenance activities. It can
play an important role in calculating MTBF (mean time between failures) of devices more
accurately. This can result in a better understanding of needed replacement/space
components, thus decrease downtime. The open standard makes maintenance vendorindependent.
The OpenAIS systems allows for accurate and real-time energy usage data reported
back to the BMS. This allows FM to accurately calculate energy costs and forecast future
energy costs. Next to this, it allows for immediate demand reduction when using too
much energy.

© OpenAIS Consortium public

WP1 D1.5, version 1.0
OpenAIS H2020-ICT-2014-1-644332
Page 35 of 60

“Energy management, although no longer a big differentiator for luminaire design is still
a point of value for controls designers. Building developers and owners will continue
through 2020 and beyond pursuit of the zero carbon building. City councils in Europe
already have big targets of reduction from 2011 to 2020 and every little help a controls
idea can implement will be needed.”
D1.1 Chapter 8.4.4 Energy

Occupancy data can give a better insight in how spaces in a building are used, which
will aid in reallocating space amongst tenants to optimally utilize the building.
Occupancy data can be valuable for the cleaning services in the building. This allows
the cleaning services to optimize their work by providing insights in which spaces need
cleaning and when. This data can also be useful for security services, providing them
with alerts if movement is detected after the building is closed. These opportunities need
to happen under the appropriate privacy and security considerations.
Traditionally FM is responsible for every system connected to the BMS. But now that
systems are coming closer to the IT network, the line between FM and IT is blurring. It
is crucial for an OpenAIS system to be able to accurately diagnose a potential problem
to clarify whether it is an IT or an FM problem.
3.3.4.3 Application development
The open connected architecture allows third parties to develop advanced applications
for the OpenAIS system to control the lights and get access to other functions like HVAC
and security. The app developer is a new stakeholder in the lighting value network. This
actor provides software for all users of the lighting system. Example applications are
user interfaces for individual light control for office workers, data visualisation for facility
managers or tooling software for installers.
As light becomes a system, its value is directly related to the success of the applications
for the system. This means that innovation will no longer only happen during the
development of the system, but will shift towards the use phase, as third party
developers find new applications for and integrate new services with the lighting system.
Therefore third party development of applications needs to be supported by the
OpenAIS architecture. Open platforms are key here, as developers should be
encouraged to create apps by allowing them access to the data and controls
opportunities of the system. This will aid in a faster market adoption of the OpenAIS
system.
“Apps or applications are key to establishing OpenAIS as a platform of choice in the
market. The versatility and innovation that are generated by third parties inside and
outside the lighting industry far outweighs the small list of Use Cases in this document.
These may be engineer’s tools or user tools. [...] Consider that smart phones
themselves are just an architecture, a platform that allows the users to buy apps that
solve problems for them in a simple, intuitive way. Our project scope suggests we
create two apps to prove that it can be done. Examples are an app for commissioning
and one for handheld, probably smart phone controls.”
D1.1 Chapter 8.3.3 Apps
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OpenAIS enabled apps should be emerging in the Android Play store® [10], Apple
iTunes store® [1] and Windows Store® [20] for office workers and end-users to
download on their personal devices. For professional stakeholders (FM, IT and
developers) a dedicated platform is needed to support and deploy the applications. In
both cases new flows of money will appear where downloaders can pay the developers
for the use of the applications. At one end, FM or the building owner will pay for system
purchases. At the other end, building users can purchase apps for personal lighting
control directly from the vendor.
To enable end-users to use third party applications on the OpenAIS enabled lighting
system, FM and/or IT need to explicitly allow users to connect to the system, for example
by providing login credentials for each user.
3.3.4.4 Sharing data with external roles
Data from the lighting system can also impact actors outside the office building. But
before data can be shared outside the building, it is crucial that the owners are aware of
and accept the consequences and trust the organisations that manage the data. Privacy
issues with the building occupants should be minimized. Data should be anonymous
and safely stored. The role of IoT providers and security providers will become even
more important in the future.
Performance data from luminaires and other components of the lighting system can
greatly benefit suppliers, manufacturers and light designers that were involved during
the previous stages. At first, this data can help light designers and manufacturers to
optimize their designs and products, which stimulates innovation. Secondly it will gain
suppliers insight in when replacements are needed, which streamlines inventory of both
supplier and customer, saving space, labour, transportation and costs.
Sharing data with the energy provider (utility company) can greatly affect energy
distributing on the power grid (or future smart grid), by giving him insight in the demand
of the building. If needed, measures can be taken by FM to reduce energy demand.
Providing the energy provider a balanced distributed energy grid.
Data gathered about light- and building usage is very interesting for the wider research
community. This stakeholder can research this data to learn from it and innovate &
inspire development in the form of living labs. A living lab is a user-centred, openinnovation ecosystem, integrating concurrent research and innovation processes within
a public-private-people partnership.
3.3.4.5 Increased building use
Connected systems will increase the building value. Therefore it is expected that office
workers want to work there and possible will use the building longer as opposed to not
having integrated building ecosystem. For the building owner, this has a positive effect
on the continuation of tenants renting space. Also, rent for space can be calculated
according occupancy data from the system, which allows for more flexible renting.
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Next to this, the openness of the OpenAIS system allows interchangeable lighting
components, which will affect renovation cycles of the building. At this moment,
reconfiguration of space requires a specialist to re-commission lighting and control, while
with the “Easy Life” scenario reconfigurations can be done easily through plug and play.
Therefore it is expected that smaller reconfiguration of space and light will happen more
often as opposed to a complete renovation/refurbishment project. This can result in less
downtime, savings in labour, materials and costs and ensuring continuation of rent
payment to the building owner. Secondly, the OpenAIS architecture allows for updates
over the air, reducing downtime even more.
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3.4 Overview of the impact analysis
We wrap up this chapter with a short summary of lighting value network. This value
network is divided in four phases: the traditional design-, bid- and build phases, together
with the use phase that was added by the authors of this document. This use phase is
a vital addition to the model, as value that the lighting system brings will increase through
new services and applications that are added during the use phase.
We have identified different actors within the value network and how they exchange
value, according to four levels of value: the level of end user, organisation, ecosystem
and society. Figure 3-16 combines the circular model of Figure 3-3 on page 16 with the
illustrations of the actors in the four separate phases. It shows the identified lighting
value network with actors and value flows. Next to this, we have analysed the immediate
potential impact of the OpenAIS project solution on the actors within the value network.

Figure 3-16 Lighting value network with actors in four phases (Enlarged version in Appendix 8.1)
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Design phase
In the design phase a client (building owner) retains an architect and design team of
consultant engineers, informed by suppliers, to (re)-design the building. The architect is
responsible for delivering tender documents, while the consultants act as specifiers for
the specific building systems, including the lighting system, according to rules set by
regulation bodies. In the process, a financer is included to finance the build. The design
phase ends with tender documents including the design and specifications for the
project.
The OpenAIS standard will allow suppliers to produce compatible components, which
increases competition. Therefore, the architect and lighting specifier will have more
freedom in creating the light design. The data gathered by the lighting system during the
use phase can be used to inform the new build. This phase is eased as specification of
light applications that users may want in the future are not needed.
Bid phase
The second phase is the bid, or tender, phase. The tender is open for bids. General
contractors with a team of subcontractors, informed by suppliers, specify the tender
requirements and make an offer to the tender. The architect and client award the project
to the winning general contractor.
Standardisation of the lighting market makes specifying the lighting install easier and
contractors using OpenAIS enabled systems can have an advantage over competitors.
Build phase
The build, or construction, phase starts once the project is awarded to a contractor. The
general contractor holds the budget and leads the build, while subcontractors do the
actual build. The architect supervises the build. Generally the light installation and further
commissioning starts after construction, installation of power distribution and electrical
equipment. An electrician orders the necessary components from a supplier and installs
all necessary cabling. A luminaire designer creates the light fixtures and delivers these
to the installer, who mounts and connects the luminaires to the power cabling. Then the
installer or commissioning agent commissions the system. They both use tools and
platforms for this process. After the light installation is done, other installations like IT
and Fire alarm systems are installed. Then integration, or convergence for the BMS is
realised by an integration specialist. The phase concludes with certification and the
handover to the building owner.
The build phase is affected significantly by the OpenAIS project. The installation and
commissioning flows will change completely with the coming of IoT. The most prominent
change is the installation of the IT network that will happen as the first installation,
allowing all other installations to integrate in IT. The value of integration increases which
could be a disruptive trigger for the M&E model. Finally the OpenAIS standard can
reduce transportation costs and improve local vendor’s market position. The possible
shift of complex application functionality to the use phase eases the bids and builds of
the standard application.
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Use phase
The final phase of a building project is the use phase. The building owner hires a facility
management team to manage the operation and maintenance of the building. Then
space is rent out through a real-estate agent to tenants. The building is then occupied
by building users; including office workers, cleaning services and security personnel.
This phase can span a long period time, including (planned) changes in use,
reconfiguration, and modernization. It ends with a renovation or a new build, which
brings us back to the design phase.
OpenAIS will stimulate human centric lighting, focussing on comfort and user control.
Data from the lighting system can aid Facility Management (FM) activities. Third party
developers will enter the value network and create applications for control,
commissioning and data exploitation. Building value and length of use can increase.
To conclude
In this chapter we have discussed the lighting value network in four different phases,
including involved actors. Next to this we have analysed the impact the OpenAIS project
can have on this network when it is introduced to the market. But as the first lighting
systems with the OpenAIS architecture will not be installed until around 2020, it is
essential to widen our scope and look beyond the 2020 horizon. This is the aim for the
next chapter.

© OpenAIS Consortium public

WP1 D1.5, version 1.0
OpenAIS H2020-ICT-2014-1-644332
Page 41 of 60

4 FUTURE PERSPECTIVES OF OPENAIS
As part of the OpenAIS project, a pilot implementation of the OpenAIS architecture will
be realised in 2018. According to Gartner’s hype cycle of 2014, illustrated in Figure 4-1,
the Internet of Things is one of the biggest hypes of the moment and it is expected to
become mainstream around 2020 [5]. This is in line with the expectation that the first
OpenAIS systems will be installed around that time. It is however, important to look
further than this 2020 horizon, to include the period of use of the lighting system and the
lifecycle of the system, architecture and components. In this chapter we investigate the
consequences according to the following question:
What possible future impact will the OpenAIS project have on our society?
Imagining future impact on societal level, we approach this question according to four
perspectives. First, we discuss the technology perspective. Obviously we need to look
beyond only the technological innovation of OpenAIS, and try to investigate the question
from a wider perspective. Secondly, we take the economic perspective and envision the
impact of an open standard. Thirdly, we approach this question from a service
perspective and finally we discuss the human-centric perspective.

Figure 4-1 Gartner's 2014 Hype Cycle for Emerging Technologies8

In subsequent sections, the four perspectives are worked out:
•

The technology perspective is at the core of the OpenAIS project: What effect
can the implementation of IP to the end node have on our society and the
market?

8

Gartner's 2014 Hype Cycle for Emerging Technologies, page 36. Retrieved September
http://www.zdnet.com/article/the-internet-of-things-and-big-data15,
2015 from
unlocking-the-power/
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•
•
•

The economic perspective investigates the how the introduction of an open
standard for the Internet of Light will influence the business environment.
The service perspective investigates how collecting and sharing data in
connected systems can be a key driver for the new value creation.
The human-centric perspective connects to the three main trends to the
OpenAIS context that were identified in the redefinition of vision (Task 1.3): New
ways of working, smart environments and Youniverse [15]. These three trends
focus on the added value in the work environment with the human being in the
centre: the office worker of the future.

The findings within these four perspectives are mainly supported by WP1 Task 1.1
interview results, scenarios and use cases. A total of 28 candidates were interviewed in
UK, Spain, Italy, France, Germany, Netherlands, Austria, Switzerland and Belgium by
interviewers from UK, France, Netherlands, Slovakia and Austria. A total of 629 quotes
have been collected and prioritized by the consortium partners. Eventually 389 quotes
were used as input for a thematic analysis around the four perspectives introduced
above is used to reinforce the conclusions presented next. Table 4-1 shows an overview
of the themes and subthemes identified during the analysis.
Theme

#quotes

Subthemes (#quotes)

Standardization
(integration)

65

Integration (15), Open standard (12), API (5), Acceptance time
(3), partnerships (2), skills (8), renovation (2), component
integration (2), rest (16)

IP (to the end node)

35

MIB (2), integration (17), Security (4), (remote) access (6),
costs (2), rest (4)

Data (in the cloud)

35

Share systems (3), Share actors (2), Occupancy (7),
Diagnostics (4), Energy save (7), Security (3), Sensors (2),
BMS (2), rest (5)

Light as service
Office worker

171
111

Installation &
maintenance

Rest

Comfort & wellbeing (18), cool applications (20), control (17),
social environment (8), presence detect (3), m2 cost reduce
(8), natural light (7), rest (29)

60

Diagnostics (2), maintenance (11), reconfiguration (6),
compatibility (4), installation & commissioning (11), handover
to next (8), rest (18)

83

Led (5), BIM (3), failures (5), energy reduction (10),
refurbishment (3), rest (58)

Table 4-1 themes and subthemes from interview results Task 1.1

Next to these results, we refer to deliverables D2.1 and D2.2 of WP2 for technology
specifications and requirements. The results from the workshop as part of Task 1.3 are
included in this future impact analysis especially in the human-centric perspective. Next,
we discuss the four perspectives separately.
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4.1 Technology perspective
At first we take a technology perspective. We discuss the technological innovation that
the OpenAIS project brings to lighting: an all-IP based configuration, with IP to the end
node, thus putting the Internet of Things concept at the heart of the new lighting system
architectures. The major benefit that an IP based configuration brings is the possibility
for all devices whether lighting-related or otherwise to share a common communication
infrastructure, thus sharing costs of that infrastructure and creating the possibility to
communicate one to another, without any protocol translation being required amongst
OpenAIS devices.
The need for an IP based lighting system is directly related to the trend of the IoT. As
the number of connected devices grows, it is crucial that the lighting architectures get
connected to this growing trend.
The technological innovations that the OpenAIS architecture brings affect the future of
lighting systems greatly, which will be discussed in the following subsections. Integration
of IP creates a bridge between lighting and IT, which will be an enabler for future
innovation on application and service developments. But to realize this potential, security
is crucial. The combination of low-voltage LEDs and IP connectivity opens up the
opportunity for a complete low-voltage building system that has many advantages.

4.1.1 IP as an enabler
First and foremost, adding IP to a luminaire acts as an enabler for all services that
intelligent lighting systems can bring in the future. IP functionality makes luminaires and
sensors individually addressable and allows creating complex installations as well as
local intelligent areas. A full-IP system automatically benefits from new developments
and innovations, as there is, in fact, a worldwide community at work to improve any
shortcomings of IP, and to push innovations. IP nodes can speak different application
layer protocols with relative ease, reducing incompatibilities of the standardised
dedicated world.
As the lighting installation is present everywhere an IoT compatible lighting installation
could well serve as an infrastructural access to the web for self-powered IoT
applications.

4.1.2 IP security
One of the most important concerns of today, with the coming of the IoT, is security.
When controlling a lighting system over IP, data is transferred, processed, stored and
accessed by different devices and persons. Unauthorized control over the light is a major
concern if the architecture is not secured properly.
“Connection to a larger network of any previously less-connected system immediately
expands the set of possible attackers and attack vectors. This is the inevitable
drawback for the benefits of being able to communicate with more actors in more ways.”
D2.2 - Implementation & Verification Guidelines for the Architecture: Selection of the
architecture 3.4.4 Security

© OpenAIS Consortium public

WP1 D1.5, version 1.0
OpenAIS H2020-ICT-2014-1-644332
Page 44 of 60

The push of IoT and IoL from OpenAIS will act as catalyst for the security providers, who
will play an important role in the future lighting value network. This will push security
innovation, which will in turn result in a faster acceptance of connected systems by
society. Important to note is that a balance should be found between a secure
architecture and easy installation and commissioning; these seem to contradict. It is
expected that this will be well managed around the time that the IoT will become
mainstream.

4.1.3 Low voltage lighting system
Although bringing IP communication to luminaires is new, the introduction of IP
connectivity to lighting systems is not new. For a few years already, it is possible to
power and control luminaires over Ethernet with PoE. Introducing IP communication
between endpoints of the lighting system can be a stimulation to move towards a fully
integrated low-voltage, DC powered (not necessary PoE) lighting system. This brings
many advantages with it.
At first, a centralized AC-DC power conversion drives LEDs more efficiently, which can
reduce power consumption and increase the luminaire lifecycle. Furthermore, DC
enables a digital network of high-density sensors and actuators. This can result in a far
lower OPEX for the building owner and contributes to a lower carbon footprint per office
building.
Secondly, a low-voltage solution brings benefits for installation of the system. Lowvoltage is much safer to install than a high-voltage system. This way, lower skilled
personnel may install the low-voltage system. Next to this, the combination of PoE and
IP communication allows installers to use one Ethernet-based cabling network as power
grid and communications network for all low-voltage building systems, saving labour,
materials and costs.
Next to these two benefits there are also some drawbacks, especially for PoE, that need
to be noted. E.g. running cost of Ethernet maintained ports, larger patches of darkness
if power supply fails, complicated ordering for PoE switches (some do not allow for full
load on all outlets at the same time).
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4.2 Economic perspective
With the economic perspective we widen our scope and look at how the OpenAIS
proposition influences the industry and business landscape. The key driver for this
perspective is the vision of an open architecture for IoL, as leading standard. “Open
standard” is here defined as a standard or specification that is publicly available and
reviewable; has Fair, Reasonable And Non-Discriminative (FRAND) [19] licensing
terms; was created in an open process; has, or allows, a competitive multi-supplier ecosystem. Making the system vendor and manufacturer independent, allowing for different
luminaires, controls, sensors and drivers to operate within the architecture using a
standard unified protocol.
This has a number of effects on the lighting industry. At first, the OpenAIS project will
aid in strengthening the leadership of the European industry. Secondly, the OpenAIS
architecture aids in a faster market acceptance of the IoL. Next to this this, the value of
office buildings will increase. Finally, the open architecture will be a platform for third
party stakeholders to develop applications and devices that increase the user
experience and perceived value to different stakeholders. These four subjects are
discussed in the following subsections.

4.2.1 European leadership
As a result of the OpenAIS project, the European lighting value chain will strengthen its
leadership and deliver high value intelligent lighting systems. European industry joins
forces to set the leading standard and hence prevents that non-European companies
will enter the market with a multitude of proprietary standards.
In addition to the opportunity for the European lighting industry, future IoT based lighting
systems are a huge opportunity for the European IT components industry as well. The
European market for office lighting systems in 2020 is expected to be 2.9 billion Euros
[11], which defines the accessible market for European lighting companies. The number
of light points sold globally in 2020 is expected to be 182 million [11], which defines the
accessible market for IT components in luminaires in 2020.
Currently European lighting companies are highly competitive and most of the systems
are developed in Europe. As a result of OpenAIS, they will strengthen their
competitiveness. Increased international competitiveness of the European lighting value
chain to provide next generation intelligent lighting systems. Keep current strong position
and extend it by developing Internet based lighting systems. Opportunities for European
companies to develop new business models for new added value services e.g. intelligent
demand response applications linking Smart grid with lighting systems.

4.2.2 Faster market acceptance
An early involvement of the lighting value network in IT architectures will act as a catalyst
for the IoT adoption and will create a market for related applications, leading to additional
employment in the European lighting and IT industry. This will lead to faster adoption by
building owners, because of multiple vendors delivering modules, software stacks,
devices, etc. all being part of the open architecture.
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4.2.3 Increased building value
Improved economy of scale due to the existence of a leading standard (lower cost of
ownership): A wide-range of non-lighting applications can be linked to the lighting
platform, which will reduce number of operational platforms in a building. More efficient
use of office space, as office space is expensive: a lighting system that can be
configured around changing usage of the space is advantageous.
The lighting system allows for more efficient use of office space as well. As office space
is expensive, a lighting system that is configurable with the changing usage of the space,
is advantageous. More than €300 billion will be saved annually on the global energy bill
[7]. The new lighting system will allow numerous applications that make the building
more comfortable and efficient to work in.

4.2.4 Enabler for new value
Creating a standard that is widely accepted will be an enabler for innovation. Individual
manufacturers can incorporate OpenAIS and third parties can develop new applications
and software, integrating new domains of expertise and new stakeholders. IoT will
enable new value propositions and new business models. Business models will change,
in a world of connected lighting; the value will shift from the lighting function only, to the
connectivity functions offered to harvest useful information. The value will shift from
control boxes to applications and services.
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4.3 Service perspective
With the third perspective we approach how the technological and economical
transitions enable new services that will make connected lighting systems valuable. It
should be noted that the term service is used as a way to provide value through an
application on a product, not only related to commissioning services. A key aspect for
this approach is the collection, sharing and exploitation of data that connected lighting
systems can facilitate.
Big data is a huge trend that is shaping our current society, as shown in Figure 4-1 on
page 41. This trend grows hand in hand with the IoT trend. As more and more devices
get connected, more data is generated and processed. In present society there are many
concerns about privacy, security and ownership of data, but as society grows (and the
Big data and IoT trend with it) these issues should and will be regulated better resulting
in a better acceptance of the Big Data trend within society.
The service perspective is discussed in four topics. First, sharing and processing data
amongst systems within the office building that they are installed in will have an impact
on installation, operation and maintenance of these systems. Secondly, sharing this data
with stakeholders outside the office building opens up other opportunities. Services that
are able to exploit the connected systems will make up the value of the system itself.
Finally, to enable these three aspects it is crucial to guarantee ownership and access
policies and security over the data that is shared and processed.

4.3.1 De-siloing building systems
When data from all systems installed in the office building is connected to the BMS, the
total value creation will be bigger than the sum of the separate added value for each
system. For instance when systems are connected through BMS (including a “shared”
sensor system), the HVAC system can use presence data from a sensor to as input for
climate control, as well as the lighting system using it as input for lighting control.
In future office buildings, it is expected that all low-voltage systems will be integrated in
one building-wide ecosystem. De-siloing the building’s systems is crucial to save
operation costs, lower OPEX, simplify installation and commissioning and increase
perceived value by all building occupants during the use phase.

4.3.2 Big data: making data valuable
Sharing data within a building is one step. But as trend of big data is growing, we expect
that building systems will start sharing data with the outside world as well. Actors within
the office building will most likely outsource managing and processing this data to
(bigger) IoT companies. Such companies will be play an important role in the lighting
value network of the future. They can add value to the network by securely transferring,
collecting and storing data and by analysing this data to information that can be used by
other actors within the value network. For example, the introduction of such a
stakeholder can make it possible for FM to compare performance of multiple buildings
in real-time, which can help them in optimization of logistics and energy efficiency.
This could even go one step further: imagine when all buildings on an industrial area are
collecting and sharing data. The information that can be gained by all this data can be
very interesting for example for utility companies to efficiently distribute power over the
smart grid.

© OpenAIS Consortium public

WP1 D1.5, version 1.0
OpenAIS H2020-ICT-2014-1-644332
Page 48 of 60

4.3.3 Services as main value of the system
Lighting systems of the future are a platform, an open network, rather than a closed
system. The applications and services that are developed and deployed on this platform
make the lighting system valuable to the users. The open standard allows for open
innovation. The data collected by the system will provide the content for the applications.
It is crucial for the OpenAIS architecture to actively involve third party stakeholders to
keep developing application over time to ensure market acceptance and continuation.
When we extrapolate towards a sharing economy, we can even consider a scenario
where building owners no longer own the lighting system. Instead the systems can be
rented from lighting solutions service providers. This way light can truly become a
service.

4.3.4 Security and privacy
Privacy and security are foundational aspects when we discuss connected systems that
collect and process data. All data, especially when shared over the Internet (or in the
cloud) should be secure. Especially because this data might contain important privacy
sensitive information, reasonably predictable consequences must be investigated and
communicated and anonymity is important. Data handling is a major societal concern,
and it is likely that regulations will be issued.
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4.4 Human-centric perspective
The fourth and final perspective focuses on the use phase of the lighting system after
deployment. The end users of the lighting system and its services are central within this
theme. By end user, we mean the building occupants (office workers, facility managers,
maintenance, cleaners, security guards, receptionists, etc.) as well as installers and
commissioning agents.
“In the future some 40% of knowledge/office workers would be contractors, work is
project based, and offices become more transitory places designed for collaboration or
special purposes. The daily commuting style journey to work would diminish and
journeys in general would still provide an opportunity to work whilst in motion. Big
offices would become disparate, smaller, rented spaces somewhere nearer to where
people need to have a face to face meeting and not somewhere in an expensive and
time consuming place to get to. People’s expectations for wellbeing, health and
generally that the world revolves around them would extend to the workplace and
personalisation task space could appear near to the collaboration areas. The
combination of “Smart Move” and environments integrates the concepts of accessibility
and mobility. This essentially means that the ultimate goal of mobility is to reach goods,
services and activities in interaction with the environment. For OpenAIS, it means the
solution should be services based, using technology to efficiently deliver those services
to end-users. The “Youniverse” states that the consumers of tomorrow, will create their
own playground, comfort zone and universe. OpenAIS should address not only the
needs but also predict and satisfy the human desires related to user experiences with
lighting.”
D1.3 Validate Project Vision Statement and Objectives, Chapter 3.1.2 Future of
Workplace lighting, key trends & findings

Next we describe how an OpenAIS enabled lighting system can be valuable to different
types of building occupants in the future.

4.4.1 Office worker
The office workers of today live two lives: a personal life and a professional life. But as
technology allows people to access work anywhere and anytime, work is no longer
bound the physical location of the office [15] (e.g. it is expected for people to respond to
email at any time of the week).
The Internet of Things trend is growing familiar at home through smart connected
devices that allow people to be in control of their own life and their environment. People
no longer accept one-way media that cannot be personalized; one chooses their own
music, news, movies and TV shows. But this trend is even moving further. People are
starting to control their physical environment as well through smart lighting, smart
thermostats and other smart devices. All these devices are controllable through personal
devices, user interfaces, allowing seamless transitions between the devices and their
media.

© OpenAIS Consortium public

WP1 D1.5, version 1.0
OpenAIS H2020-ICT-2014-1-644332
Page 50 of 60

While this shift of mind-set is clearly visible at home, the office environment evolves
more slowly. Soon society will expect these qualities of control, seamless interactions
and support in comfort and wellbeing from the work environment. Connected building
systems can provide these qualities and will play an important role in attracting people
to the work environment as opposed to working at home. The office space of the future
will be an open office environment where collaboration and creativity are the drivers [2].
The OpenAIS project is a first step in enabling the smart work environment through
standardisation of an IoL architecture.
The lighting system is a good platform to display information in an unobtrusive way. For
example, a subtle change in CT can inform an office-worker about calendar events (D1.1
Use case IBV-T3-TUE-2B). Next to this, the lighting system is a grid covering the
complete building, which could make it a fitting platform for way finding during
emergencies or to aid a person in finding colleagues (D1.1 Use case IBV-T2-TUE-3)
and available meeting areas (D1.1 Use case IBV-T1-PHI-2).
New lighting solutions with LED technology will allow personal control in the future.
Office workers can use their personal smart device or local user interfaces to control
luminaires in their direct environment. This allows them to create their own optimal
lighting setting for comfort, productivity and creativity. There are two important aspects
to make this work. At first, there needs to be a balance between automated behaviour
(e.g. automatic lighting as reaction to presence D1.1 Use case IBV-T1-PHI-1) of the
lighting system and personal control from the office worker (e.g. task-based lighting D1.1
Use case IBV-T2-TUE-1). Secondly, the office is a multi-user environment; thus lighting
interfaces should allow social translucency: “W support coherent behaviour by making
participants and their activities visible to one another” [9].

4.4.2 Facility manager
The OpenAIS architecture should enable easier maintenance and building
management. This affects FM, maintenance and (re-) commissioning activities.
Regarding operation, the lighting system will be able to collect energy and performance
data of all connected devices. Through third party applications FM can exploit this data
to the fullest. Energy usage is accurately measured by each endpoint and collected by
the system, allowing for immediate and accurate energy performance reports (D1.1 Use
case BWE-T4-PHL-1). When Smart Grid signalling is available via the energy provider
(utility company), or when the main utility meter has a threshold driven by contract limit,
FM can reduce energy demand easily if needed (D1.1. Use Case BWE-T4-JHC-1).
Because office space is expensive there is a need for more efficient use of space. The
sensor network within the lighting system can collect presence data and provide
accurate information about how space is used over time. Processing this information
can aid FM to create timely optimal allocation of tenants to work space. This is an
interesting innovation especially for future office use, since working in the future is not
bound to a specific location anymore. This information can even be used to precisely
calculate rent for each tenant. Next to this, the open standard of the lighting system will
allow for easy reconfiguration of light when space usage is redefined or reallocated.
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The proposed intelligent lighting system can also bring benefits for maintenance. Most
of the opportunities are already mentioned in Chapter 3.3.4.2. Especially data from the
OpenAIS system can benefit maintenance. It can play an important role in calculating
MTBF (mean time between failures) of devices more accurately. This can result in a
better understanding of needed replacement/space components, thus decrease
downtime. The ease of installation and (re-)configuration reduces downtime of the
system even more.
As lighting will integrate with IT and the BMS, the roles of the stakeholders that are
currently in the building will change. A good structure for cooperation between IT and
FM to manage and operate the lighting system (and all other BMS integrated systems)
is needed and should be guided by top management.

4.4.3 Cleaning service
The lighting system can be valuable to the cleaning services of the building as well.
Firstly, the occupancy data that is collected can be used to determine which areas inside
the building need cleaning, as area that are used a lot need more regular cleaning than
areas that are used less. Secondly, the lighting system can aid with the cleaning itself
by providing the optimal light setting to show what (space) needs cleaning.

4.4.4 Receptionist
The first things one sees when entering an office building are the entrance hall and the
receptionist. The receptionist’s efficiency is measured by administrative output and
social skills. For one, guests that enter the company are directed to the receptionist and
it is the receptionist’s job to help them feel noticed, welcome and redirected to the right
place and person. With intelligent lighting the entrance area of a company can be
adjusted to the preferences of the receptionist, based on their everyday tasks. Since
these tasks are social tasks, involving colleagues and guests of building, the
receptionist’s preferences should include the preferences of the other parties that
experience the entrance hall.

4.4.5 Security
Finally, the lighting system will have an impact on building security as well. Take for
example the following current scenario: At 8 o’clock the entrances to an office building
and its floors are automatically locked by the BMS, allowing only access to authorized
personnel. The security guard makes his final round around 9 o’clock. He enters each
floor to check if people are still working. If this is not the case, he switches the lights that
are not connected to a presence sensor. Halfway his rounds he receives a call from the
main entrance of the building. Someone is trying to exit the building, but his access card
does not unlock the door. The security guard walks back to his office, checks the
camera, recognizes the person that wants to leave and unlocks the door through the
BMS. Then he continues his rounds.
This scenario can be completely different when introducing a connected lighting system.
For one, the BMS can use occupancy data to report presence of people that are working
late to the security guard. This can be done on a central console, but can also be pinged
to the security guard’s personal device. The lighting system clearly indicates where
movement is happening by turning on luminaires slightly. As the guard leaves the floor
he checks a box on his personal device and the system switches off all luminaires and
locks the doors automatically. Halfway through he receives a ping on his device that
someone is trying to exit the building. A live feed of the security camera pops up on the
screen and he unlocks the door.
© OpenAIS Consortium public

WP1 D1.5, version 1.0
OpenAIS H2020-ICT-2014-1-644332
Page 52 of 60

5 CONCLUSIONS
Within the report we have investigated three questions:
•
•
•

At first we analysed the current European lighting value network of today, the
actors that are involved how they exchange value to each other.
Secondly, we discussed how the OpenAIS project solution could potentially
impact the lighting value network that exists today.
And finally we investigated how the OpenAIS project can impact our society
beyond 2020.

European lighting value network
How can we define the current European Lighting Value chain?
First, we introduced a new model next to the traditional lighting value chain: the lighting
value network. This model is more future-oriented as we are moving towards a
knowledge economy were value cannot be proposed by one stakeholder only anymore.
We have identified actors and their relations involved in each phase. We have mapped
the actors according to four levels of value: the level of end user, organisation,
ecosystem and society. Figure 5-1 shows the identified lighting value network with actors
and value flows.
This value network is divided in different phases: the traditional design-, bid- and build
phases, with a new fourth phase introduced by the authors of this document: the use
phase. This use phase is a vital addition because innovation will take place more and
more during use, which is inherent to the introduction of connected systems in our
society.

Figure 5-1 Lighting value network with actors in four phases (Enlarged version in Appendix 8.1)
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Impact on the lighting value network
How will the European Lighting Value Chain look around 2020 and what role will the
OpenAIS project outcome play in this new value chain?
Secondly, we have investigated how the OpenAIS project might impact this value
network. This analysis got input from interview results from Task 1.1 and from group
knowledge of the consortium partners. The analysis was structured according to the four
phases in the value network. It is expected that the OpenAIS project will have significant
impact on the build and use phases.
For the build phase, many changes will happen. Integration will be central in the build
project. The openness of the OpenAIS architecture should allow for this. The IT network
will be the backbone to allow other IoT enabled systems to integrate with the BMS. To
guide this process we introduce a new actor: the integration contractor, who will be
responsible for all integration during the project delivery. Other actors like to system
integrator and commissioning agent, need to start thinking about how to adjust their role
in the value network.
The use phase will also be affected greatly by the OpenAIS project. Connected lighting
will bring great benefits to office workers, allowing them to control their environment and
providing comfort and wellbeing. FM is able to exploit data collected by the system and
get accurate energy usages information and performance data. To enable this, it is
crucial to involve third party application developers in the lighting value network.
Applications that become available on personal devices during the use phase will deliver
more value than the standard interfaces that is invested in during the design and build
phases. The data can even be valuable for actors outside the building, think of
manufactures, lighting designers and utility companies.
Future perspectives for OpenAIS
What possible future impact will the OpenAIS project solution have on our society?
In Chapter 4 we have looked beyond the 2020 horizon and investigated future impact of
a connected lighting system according to four perspectives.
First we have discussed how the technological innovation of putting IP communication
at the core of the lighting system. The IP connectivity can act as an enabler for
developments and innovations from the worldwide IT community, and will catalyse
development of IT security. Next to this, the combination of IP with PoE allows for a lowvoltage lighting system, which benefits installation and operation.
In the economic perspective, we have discussed how the open standard of OpenAIS
can strengthen European leadership in the market and how it can catalyse market
acceptance of connected building systems. Introducing connected lighting will increase
building value and the open standard will be an enabler for competition and third party
application development.
With the service perspective we have shown how data can play a role in de-siloing the
separate building systems. Sharing this data with stakeholders outside the building can
make the lighting system even more valuable, but it is important to note that the
applications from third party developers make the collected data valuable.
Finally we have investigated the role of human-centric lighting in the future. We can see
that OpenAIS can add value by providing comfort, control and increasing wellbeing of
many building occupants.
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6 SUMMARY
The goal for the value chain impact analysis was threefold:
First, to get a better understanding of the impacts that OpenAIS will have on the value
chain, we first wanted to understand this value chain. Therefore, we investigated the first
research question: How can we define the current European Lighting Value chain? We
have analysed the current European Lighting value network according to the design-bidbuild project delivery method. We have introduced a fourth phase to this model: the use
phase. First we identified all actors involved in each phase and their added value to the
network.
•

•

•

•

Design phase
A client attains an architect and design team of consultants, informed by
suppliers, to design the building and prepare the tender document.
Bid phase
General contractors with a team of subcontractors specify the tender
requirements and make an offer. The architect and client award the project to
the winning general contractor.
Build phase
The general contractor leads the build, while subcontractors do the actual build.
After construction and installation of power distribution, an electrician installs the
cabling and connects the luminaires to the power cabling. Then the lighting
system is commissioned. After the other installations, integration is realised by
an integration specialist.
Use phase
The building is handed over to the client. A facility management team does
operation and maintenance of the building, space is rent out to tenants and the
building is then occupied by building users.

Secondly, we have to keep in mind that OpenAIS is currently in the development stage,
and will therefore have in impact on the value chain until it is introduced to the market.
So the second research question is: How will the European Lighting Value Chain look
around 2020 and what role will the OpenAIS project outcome play in this new value
chain? We discussed the potential impact of the OpenAIS project solution on the present
lighting value network. We have identified several impacts for each of the four phases.
•

•

Design phase
o The OpenAIS standard will allow suppliers to produce compatible
components, which increases competition
o Architects and lighting specifier will have more freedom in creating the
light design
o Data gathered by the lighting system during the use phase can be used
to inform the new build
o Suppliers will have less effort enabling possible use-cases, as third party
vendors can supply applications on demand during the use phase
Bid phase
o Standardisation of the lighting market makes specifying the lighting install
easier
o Contractors using OpenAIS enabled systems can have an advantage
over competitors
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•

•

Build phase
o Installation and commissioning flows will change with the coming of IoT
o First installs will get easier, later controls will come in through third party
vendors
o The value of integration increases which could be a disruptive trigger for
the M&E model
o The OpenAIS standard can reduce transportation costs and improve
local vendor’s market position
Use phase
o OpenAIS will stimulate human centric lighting, focussing on comfort and
control
o Data from the lighting system can aid FM activities
o Third party developers will enter the value network and create
applications for control, commissioning and data exploitation
o Building value and length of use can increase

Thirdly, we looked beyond the 2020 horizon, where OpenAIS will be introduced to the
market, as the lighting system will be used for a longer time after the installation. This
is how we come to our third research question: What possible future impact will the
OpenAIS project solution have on our society? We have investigated this question
according to four perspectives derived from the core aspects of the OpenAIS project.
•

•

•

•

Technology perspective
o IP connectivity can act as an enabler for developments and innovations
from the worldwide IT community
o OpenAIS and IoT will catalyse development of IT security
o The combination of IP with PoE allows for a low-voltage lighting system,
which benefits installation and operation
Economic perspective
o An open standard of OpenAIS can strengthen European leadership in the
market
o OpenAIS will be a catalyst for market acceptance of connected building
systems
o Introducing connected lighting will increase building value
o The open standard will be an enabler for competition and third party
application development
Service perspective
o Data can play a role in de-siloing the separate building systems
o Sharing this data with stakeholders outside the building can make the
lighting system even more valuable
o It is important to note that the applications from third party developers
make the collected data valuable.
Human-centric perspective
o OpenAIS can add value by providing comfort and control to office workers
o Intelligent lighting systems will make operation and maintenance for FM
easier
o Occupation statistic derived from stored presence data can streamline
cleaning services
o A connected lighting system will improve building security
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8 APPENDIX
8.1 Lighting value network
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